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Balloon catheters are formed from low molecular weight polyethylene terephthalate with an intrinsic viscosity of 0.9 dL/g 
or less by placing tubing of such material in a mold cavity whose diameter exceeds that of the tubing by the desired degree of ex- 
pansion, and pressurizing the tubing while heating the mold to a temperature exceeding both the first and second order transition 
temperatures of the PET from which the tubing was made, so that the tubing expands to fill the mold cavity. The resulting balloon 
is characterized by an unusually high toughness combined with superior flexibility and softness of feel. 
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IMPROVED BALLOON CATH ETER OF LOW MOLECULAR WEIGHT PET 

This invention is in the field of polymeric 
materials and their use in medical devices, and relates 
particularly to the manufacture of balloon catheters. 

BACKGROUND OF THE INVENTION 
Balloon catheters are widely used in medical 
procedures and are well recognized for their ability to 
correct various types of internal problems without invasive 
surgery. The operation and use of a balloon catheter involves 
insertion of the catheter into the body vessel where treatment 
is to be performed, followed by expansion of the balloon 
section by pressurized fluid. Qualities which the balloon 
must have for the catheter to function effectively are that it 
be readily expandable despite being made of inelastic 
material, and readily collapsible as well to permit removal 
from the body vessel when the procedure is completed. This is 
particularly true for balloon catheters designed for relieving 
arterial stenosis and for other procedures inside blood 
vessels. The balloon must be sufficiently flexible to fully 
and rapidly expand when_ pressurized , and yet sufficiently 
tough to withstand the high pressure without rupture. 

The handling of a balloon catheter is a very 
delicate matter, since careless handling can create tears 
which can remain unnoticed until the catheter is pressurized. 
Openings in the balloon wall can result in high pressure fluid 
entering the artery or other vessel in which the catheter has 
been inserted. This can cause internal injuries to the 
patient as well as a loss of pressure inside the catheter. 
Similarly, rough surfaces caused by mishandling can cause 
injury to the internal vessel wall. The balloon must 
therefore be flexible to respond rapidly to inflations and 
deflations and yet sufficiently tough and durable to withstand 
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these changes and the stress of a high pressure differential 
without damage to the balloon wall. 



SUMMARY OF THE INVENTION 
5 It has now been discovered that a balloon catheter 

with an unusual combination of durability and toughness on the 
one hand and flexibility and softness to the touch on the 
other is achieved from a low molecular weight polyethylene 
terephthalate (PET) , in a process which involves expanding a 

10 length of tubing of the PET by pressurizing the tubing 

interior at a temperature which is above both the first and 
second order transition temperatures of the PET. 

While it was heretofore believed that high molecular 
weight PET and the high tensile strength which is inherent in 

15 such a material was necessary to form a sufficiently tough 

balloon catheter, the present invention establishes that low 
molecular weight PET can be used effectively, and is in fact 
superior since it offers significant benefits as well which 
are not achievable with the high molecular weight material. 

20 While its tensile strength may be lower, the balloon formed 

from the low molecular weight PET has greater toughness, which 
is the integral of tensile strength vs. elongation, rendering 
the balloon less susceptible to the formation of tears or weak 
spots. The resulting product is easier to handle, safer to 

25 use and more durable. 

A related discovery is that, unlike -higher molecular 
weight materials, the low molecular weight PET does not need 
to be biaxially oriented in the balloon formation process to 
achieve a sufficiently durable balloon. Expansion to form the 

30 balloon can be thus confined to the radial direction (or 

"hoop" expansion) , rather than a combination of the axial and 
radial directions, with no loss in beneficial properties. 

Other features and advantages of the invention will 
become evident from the description which follows. 
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DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 
Due to the inexactness and spread of the molecular 
weight for any given sample of PET, the intrinsic viscosity of 
5 PET is conventionally used as a measure of its molecular 
weight. Intrinsic viscosity ij A is derived from the actual 
viscosity of a solution of the polymer by calculating the 
relative viscosity i) r , which is the ratio of the viscosities 
of the solution and the solvent, subtracting 1 from ij r to 
10 achieve the specific viscosity ij sp , dividing jj sp by the 

concentration of the solution to achieve the reduced viscosity 
''red' and extrapolating i? red to zero concentration. The 
determination is generally made at 25 °C or a temperature in 
the vicinity thereof, and the units of intrinsic viscosity are 

15 deciliters per gram (dL/g) . 

The PET used in accordance with the present 
invention may therefore be characterized by an intrinsic 
viscosity of about 0.9 dL/g or less. This corresponds 
approximately to a number average molecular weight of about 

20 43,000. In most cases, best results will be obtained with PET 
having intrinsic viscosity in the range of about 0.6 dL/g to 
about 0.9 dL/g (corresponding approximately to a number 
average molecular weight range of 24,500 to 43,000), and 
preferably about 0.65 dL/g to about 0.8 dL/g (number average 

25 molecular weight of 27,500 to 36,500). One example which has 
been used effectively is PET with an intrinsic viscosity of 
about 0.72 dL/g, corresponding approximately to a number 
average molecular weight of 31,600. All intrinsic viscosity 
values herein refer to 25 °C. 

30 In the practice of the present invention, the PET is 

first supplied as a length of hollow tubing, formed by any 
conventional manner. Extruded tubing is a prime example. The 
crystalline state of the PET in the tubing is not critical and 
may vary, although it must be consistent throughout any single 

35 extrusion run and from lot to lot. Amorphous PET is 
acceptable and is also preferred. 

The tubing diameter and wall thickness will vary 
with the dimensions desired for the finished balloon, and are 
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otherwise not critical. A typical range for wall thickness is 
about 0.005 inch (0.013cm) to about 0.050 inch (0.127cm), with 
preferred thicknesses falling within the range of about 0.008 
inch (0.020cm) to about 0.020 inch (0.051cm). A typical range 
5 for tubing outer diameter is about 0.01 inch (0.025cm) to 
about 0.10 irich (0.25cm), with preferred diameters falling 
within the range of about 0.02 inch (0.051cm) to about 0.05 
inch (0.13cm) . 

The balloon is formed by expansion of a segment of 

10 the tubing in the radial direction to a preestablished or 

preselected expanded diameter. This is achieved by placing 
the tubing in a mold cavity which has the desired shape and 
dimensions of the final balloon, pressurizing the interior of 
the tubing and heating the mold to cause the tubing in the 

15 cavity to soften and expand to fill the cavity. During this 
expansion, the radially directed pressure causes the tubing 
wall to be stretched in the direction along the tubing 
circumference, perpendicular to the tube axis. This is 
referred to as the "hoop" expansion, and is distinguished from 

20 axial expansion or the longitudinal stretching of the tubing. 
With amorphous tubing as the starting material and only hoop 
expansion being performed, the finished balloon will lack 
biaxial orientation of the crystal structure, at least to any 
appreciable degree that might have a bearing on the properties 

25 of the finished balloon. 

The degree of expansion can be varied and is not 
critical. In most cases, expansion will be performed to 
result in an increase in the outer diameter of the tubing to a 
degree ranging from about 2.0 times to about 10.0 times the 

30 unexpanded diameter, preferably from about 3.0 times to about 
6.0 times. 

The length of the segment of tubing which is 
expanded to form the balloon is not critical and does not 
affect either the process or the product which is formed. In 
35 most cases, the balloon will be from about 1 inch (2.54cm) to 
about 3 inches (7.6cm) in length. 

The pressure exerted inside the tubing during the 
expansion is not critical, and subject only to the limitations 
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of the mold. In most applications, the pressure will 
generally lie within a range such as about lOOpsi (gauge) to 
about 200psi, although a range of about 120psi to about 160psi 
is preferred. 

5 The temperature to which the tubing is heated to 

cause it to expand in accordance with this invention is a 
temperature which is about 20°C or more above the first order 
transition temperature of the PET. 

Like the intrinsic viscosity, the first and second 
10 order transition temperatures are further means of 

characterizing the PET used in the practice of this invention 
and distinguishing it from PET's which differ in average 
molecular weight, molecular weight distribution or both. The 
second order transition temperature is the lower of the two, 
15 and both are lower than the melt temperature. In preferred 
embodiments of this invention, the first order transition 
temperature is less than about 90 °C, and in more preferred 
embodiments, it is from about 70°C to about 80°C. Likewise, 
in preferred embodiments, the second order transition 
20 temperature is from about 40°C to about 65°C, and in more 
preferred embodiments, from about 50°C to about 60°c. 

Preferred processing temperatures are those which 
exceed the first order transition temperature by from about 
20 °C to about 80 °C. Particularly preferred temperatures are 
25 those exceeding the first order transition temperature by from 
about 30°C to about 50 °C. Tubing made from PET with a first 
order transition temperature of about 73-77 °C and a second 
order transition temperature of about 55 °C has been used with 
success with a processing temperature of about 115-121°C. 
30 The mold in which the tubing is expanded when 

forming the balloon will be in the form of a hollow tube of 
sufficient diameter to permit insertion of the PET tubing. 
The mold cavity will be an expanded portion of the hollow tube 
whose diameter will equal the diameter to which the PET tubing 
35 is to be expanded along the portion forming the balloon, and 
whose length will correspond to the desired length of the 
balloon. Preferably only this expanded portion will be heated 
during the pressurization and expansion of the PET tubing. At 
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either end of this expanded portion will be a narrow bore 
segment which will hold the PET tubing in the center of the 
expanded portion so that the tubing will expand uniformly in 
all radial directions. The narrow bore segment on one side 
5 may be of somewhat larger diameter to permit the balloon once 
formed (although flattened out due to the removal of internal 
air pressure) to be removed from the mold. 

The mold may be constructed of any material which is 
inert to the PET, and can withstand the pressure exerted upon 

10 the PET tubing from inside. The mold cavity must also have 
sufficient surface smoothness to produce a balloon having a 
texture which is smooth and soft to the touch, to minimize the 
possibility of the formation of weak spots in the balloon wall 
and to form a balloon which can be inserted into the artery or 

15 other body vessel with a minimum of resistance. A transparent 
mold offers the advantage of permitting the operator to 
monitor the insertion of the tubing and the expansion process. 
Glass is a useful material in this regard, although a wide 
array of other materials and types of materials may be used as 

20 well. 

The mold may be heated in any of a variety of ways, 
subject only to the need to avoid excessive heating at any 
particular point along the tubing, and to assure full heating 
of all portions of the tubing in the mold cavity. The entire 

25 mold may be placed inside a heating unit or immersed in a 

heated heat transfer medium to heat all portions of the mold 
cavity simultaneously. Alternatively, particularly in the 
case of a transparent mold such as glass, the mold may be 
slowly drawn through or past a heating element, such as for 

30 example through a resistance heater, whereby heat application 
is begun at one end of the mold cavity and slowly progresses 
to the opposite end, with the balloon expansion proceeding 
simultaneously. The expansion, which will start at one end . 
and progress to the other, is readily monitored in this 

35 manner. For tubing of the dimensions cited above, a typical 

drawing rate is approximately 2. 0-2 . 5cm/min. In each of these 
methods, the pressure is maintained inside the tubing while 
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the heat is applied so that the tubing expands as it reaches 
the elevated temperature of the heating unit. 

Once the expansion is complete, the internal 
pressure is lowered to ambient pressure and the balloon is 
5 cooled. This stabilizes the crystal structure of the PET, and 
in particular the hoop orientation of the molecules. Cooling 
is readily performed in the mold cavity. Since the mold 
itself is being cooled at the same time, the cooling rate is 
controlled by the mold and is slower than it would be if the 
10 entire balloon were placed in direct contact with a cooling 
medium. 

A balloon prepared in accordance with the procedure 
described above may be mounted on a suitable shaft to complete 
the catheter construction, the shaft being of conventional 

15 configuration and construction and the mounting being 

performed according to conventional techniques already in use 
in catheter manufacture. All other features of the procedure 
for constructing the catheter and of the catheter itself are 
conventional and substantially unaffected by the practice of 

20 this invention. 

The foregoing is offered primarily for purposes of 
illustration. It will be readily apparent to those skilled in 
the art that modifications and variations in terms of both 
materials and methods can be introduced without departing from 

25 the spirit and scope of the invention. 
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BBSS IS CHIMED IS; 

1. A process for forming a polyethylene 
terephthalate catheter balloon, said process comprising: 

(a) placing in a mold cavity a length of 
tubing formed from polyethylene terephthalate having 
an intrinsic viscosity of about 0.9 or less; 

(b) pressurizing the interior of said tubing 
at a temperature which is higher than the first 
order transition temperature of said polyethylene 
terephthalate by at least about 20 °C, to radially 
expand said length of tubing to fill said mold 
cavity; 

(c) cooling said tubing so expanded while 
still pressurized, to stabilize said tubing in an 
expanded state. 

2. A process in accordance with claim 1 in which 
step (b) is conducted at a temperature which is higher than 
the first order transition temperature of said polyethylene 
terephthalate by from about 30°C to about 50 °C. 

3. A process in accordance with claim 1 in which 
said length of tubing is formed from polyethylene 
terephthalate having a first order transition temperature of 
from about 70 °C to about 80 °C. 

4. A process in accordance with claim 1 in which 
said length of tubing is formed from polyethylene 
terephthalate having a second order transition temperature of 
from about 50 °C to about 60 °C. 

5. A process in accordance with claim 1 in which 
said length of tubing is formed from polyethylene 
terephthalate having an intrinsic viscosity of from about 0.65 
to about 0.8. 
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6. A process in accordance with claim l in which 
step (b) comprises pressurizing the interior of said tubing to 
a pressure of from about lOOpsi to about 2 00psi. 

5 7. A process in accordance with claim 1 in which 

step (a) comprises placing said length of tubing in a cavity 
of a glass mold. 

8. A process in accordance with claim 1 in which 
10 the cross sections of said mold cavity and said length of 

tubing are such that an expansion ratio of about 3.0 to about 
6.0 is achieved in step (b) . 

9. A process in accordance with claim 1 in which 
15 axial expansion of said tubing is substantially avoided. 
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